
Award Number:  W81XWH-10-2-0138 

TITLE: Battlefield-Acquired Immunogenicity to Metals Affects Orthopaedic 
Implant Outcome

PRINCIPAL INVESTIGATOR:   Nadim James Hallab, PhD 

CONTRACTING ORGANIZATION:  Rush University Medical Center

 Chicago IL 60612 

REPORT DATE: December 2016

TYPE OF REPORT: Final  

PREPARED FOR:  U.S. Army Medical Research and Materiel Command 
Fort Detrick, Maryland  21702-5012 

DISTRIBUTION STATEMENT: Approved for Public Release; 
Distribution Unlimited 

The views, opinions and/or findings contained in this report are those of the author(s) and 
should not be construed as an official Department of the Army position, policy or decision 
unless so designated by other documentation. 



REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
Public reporting burden for this collection of information is esti mated to average 1 hour per response, including the time for reviewing instruc tions, searching existing data sources, gathering and  mai ntaini ng the 
data needed, and completing and reviewing this collecti on of information.  Send comments  regarding this burden esti mate or an y other aspect of this collection of information, including suggestions for reducing 
this burden to Department of Defense, Washi ngton H eadquarters Ser vices, Directorate for Information Operations and R eports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA  22202-
4302.  R espondents should be awar e that notwithstandi ng any other provision of law, no  person shall be subject to any penalty for failing to compl y with a coll ection of infor mati on if  it does not di splay a currentl y 
valid OMB control number.  PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.  

1. REPORT DATE (DD-MM-YYYY)

December 2016 
2. REPORT TYPE

Final  
3. DATES COVERED (From - To)

30SEP2010 - 29SEP2016
4. TITLE AND SUBTITLE

Immunogenicity

5a. CONTRACT NUMBER 

W81XWH-10-2-0138 Battlefield-Acquired Immunogenicity to Metals Affects Orthopaedic 
Implant Outcome 5b. GRANT NUMBER 

W91ZSQ0135N646 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S)

Nadim James Hallab, PhD 

5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

Rush University Medical Center

Chicago IL 60612 

Chicago 
AND ADDRESS(ES)

8. PERFORMING ORGANIZATION REPORT
NUMBER

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S)

U.S. Army Medical Research and Materiel Command
Fort Detrick, MD 21702-5012 

11. SPONSOR/MONITOR’S REPORT

NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT
Approved for public release; distribution unlimited 

13. SUPPLEM ENTARY NOTES

14. ABSTRACT

The effects of battlefield injuries on the immune system are currently unknown, especially to metals 

such as shrapnel.  Previous studies have link exposure to metal with increased immune responses 

(allergy).  Thus battlefield injuries resulting in increased exposure to metal may sensitize 

individuals and lead to excessive immune responses to orthopedic implants, which many soldiers will 

need.   The short term goal of this project is to understand whether soldiers with battle field injury 

and traumatic exposure to metal debris have increased immune system reactivity to metals (such as metal 

allergy or immune hypersensitivity alterations).  We will compare the metal reactivity of immune cells 

isolated during a typical blood draw (6 regular blood draw tubes totaling 60mL) from soldiers exposed 

to metals in battle and compared with immune cell reactivity of 3 other groups of people (injured 

soldiers without exposure to metals fragments, non-injured healthy soldiers and non-soldiers of similar 

background).   We expect to find that soldiers with injuries involving metal fragments will show 

elevated reactivity to metals and will thus be at greater risk of poor orthopedic implant outcome (e.g. 

Aluminum, Chromium, Cobalt Iron, Molybdenum, Nickel, Vanadium and Zirconium).   

15. SUBJECT TERMS

Battlefield injury, metal allergy, immune reactivity , Delayed Type Hypersensitivity, Trauma, 

orthopedic, implants, lymphocyte, metal-LTT, ions, implant debris 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 
OF ABSTRACT 

18. NUMBER 
OF PAGES 

19a. NAME OF RESPONSIBLE PERSON 

USAMRMC 

a. REPORT

U 

b. ABSTRACT

U 

c. THIS PAGE

U 
UU 18 19b. TELEPHONE NUMBER (include area 

code) 

Standard Form 298 (Rev. 8-98) 
Prescribed  by ANSI Std. Z39.18

email: nhallab@bioengineeringsolutions.com



Page 2 of 17 

Table of Contents  

 Page 

Introduction…………………………………………………………….………..….. 3 

BODY………………………………………………………………………………….. 13 

Key Research Accomplishments………………………………………….…….. 14 

Reportable Outcomes……………………………………………………………… 14 

Conclusion…………………………………………………………………………… 15 

References……………………………………………………………………………. 16 

Appendices…………………………………………………………………………… 16 



Page 3 of 17 
INTRODUCTION 

PROTOCOL TITLE:  Fragment Related Undetected Systemic Toxicity and Immunogenicity (Frag 

RUSTI) 

ABSTRACT   

This is a case-control study to evaluate the effect of metallic fragmentary injury sustained in the Global War 
on Terror on an individual’s metal immune reactivity profile and systemic lead level.  This study will involve 
75 subjects divided into three groups of 25 subjects each: Group 1 = members who sustained a metal fragment 

injury, Group 2 = service members who sustained a non-penetrating injury, Group 3 = healthy civilian 
controls.  Each group will submit a blood sample for analysis with metal-Lymphocyte Transformation 

Testing, cytokine release quantitative reactivity measurement, and lead level testing.  The incidence and 
magnitude of metal reactivity and the average lead level of each group will be statistically compared.  
OBJECTIVES/SPECIFIC AIMS/RESEARCH QUESTIONS.  

The purpose of this study is to evaluate the effect of retained metallic fragments sustained from IED, mortar, 
artillery, and grenade attacks on a patient’s immune system reactivity to metals.   

Primary objective:  To compare subjects with a history of metal fragment injury versus control subjects by 
determining the incidence and magnitude of metal reactivity with metal- lymphocyte transformation testing.  
Secondary Objective:  To compare subjects with a history of metal fragment injury versus control subjects 

by evaluating serum lead level 
should be removed9, 13.  This study is specifically interested in determining whether U.S. soldiers with 

residual metallic fragments demonstrate elevated serum lead levels.  

1. SUMMARY: The effects of battlefield injuries on the immune system are currently unknown,

particularly those that involve exposure to metal, e.g. shrapnel.  We have previously linked increased 
exposure to metal with increased incidence of metal reactivity.  This, together with past reports of metal 

reactivity associated with decreased implant performance, suggests that battlefield injuries resulting in 
increased exposure to metal will sensitize the individual and lead to excessive immune responses to 
orthopedic implants, thus compromising their long term performance.   The short term goal of this project 

is to understand whether soldiers with battle field injury and traumatic exposure to metal debris have 
increased immune reactivity (adaptive immune responses) to metals and thus estab lish if excessive 

immune responses to implant debris may affect long term orthopedic implant performance.  

2. BACKGROUND AND SIGNIFICANCE: While injury to soldiers on the battlefield is increasingly

coming from improvised explosive devices (IEDs), improved protection from body armor, ballistic 
helmets, and vehicle armor are improving the wound injury. This has lead to more soldiers surviving 

major blasts, where an increasing amount of injury is limited to the extremities. Improved survival has 
allowed doctors to focus on limb salvage and restoring normal function.1 The metal fragments that remain 
in situ either temporarily (capable of being removed) or fragments incapable of removal due to practical  

or technical limitations are a continuing source of metal exposure in vivo.1 For those that require 
orthopedic implants this traumatic exposure to metal debris and the continuing source of metal re lease is 

likely to impact their immune system.  The central question is whether this metal debris affects both the 
short and long term immune system metal reactivity?   

Biologic reactivity to orthopedic implant debris represents a less severe version of metal fragment 

exposure, and is a phenomenon that has been well studied.  While the primary goal of the immune system 
is to protect against harmful pathogens, it also leads unwanted reactivity to implant debris. Both pathogen 

protection and unwanted reactivity to implant debris are controlled by the sequential activation of innate 
and adaptive immune systems. Generally, the adaptive immune system involves the production of a very 
large repertoire of antigen-specific cells. An innate immune response is generally less specific but quicker 

and provides essential signals for adaptive system activation 2. General progressive inflammatory 
reactivity to implant debris is attributed to innate immune responses, (i.e. macrophage induced 

inflammation) 3-11. Excessive reactivity to implant debris is well documented in case and group studies, 
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however, it remains a relatively unpredictable and poorly understood phenomenon 12-14. There are reports 
of exuberant dermal and inflammatory responses temporally associated with the implantation of metal 

implant components 13,15-26. Metal ions complexed with protein are considered to be candidate antigens 
(or more loosely termed, allergens) for eliciting adaptive immune responses. Metal sensitizers include 

beryllium,27 nickel,27-30 cobalt27 and chromium,27 and occasionally tantalum,31 titanium32,33 and vanadium 
31. Nickel is the most common metal sensitizer (with 10-15% of the general population “nickel allergic”) 
followed by cobalt and chromium 12,28-30. 

Retained Metal Fragments: In common practice, the metallic fragments sustained by gunshot, 
IED, or grenade injury are left to remain inert in soft tissues 34,35.  Retained foreign bodies are indicated 

for subacute removal when they are located near or within a joint, in weight bearing areas, or in proximity 
to neurovascular structures.  Fragments located in extra-articular or extra-thecal soft tissue are believed to 
be encased in fibrous tissue and are considered inert Peyser, 2006 10437 /id}.  Routine removal has not 

been recommended due to the possible morbidity accompanying surgery.  Reports do exist, however, of 
lead foreign bodies in soft tissue causing plumbism 36-38.  There are no strict guidelines as to when 

patients with gunshot or other metal fragment wounds should be tested to determine serum lead 
concentration.  Previous studies revealed that blood lead concentration in patients with extra-articular 
gunshot wounds was below hazardous limits as determined by the Occupational Safety and Health 

Administration 37 39.  To the best of our knowledge, no research exists to date on lead levels resulting 
from metal fragment injury sustained in the Global War on Terror.  

2.1  Hypothesis:  This study will test the hypothesis that the retained metals like those found in 
mortar, artillery, and grenade fragments contribute to impaired or hyper immune system reactivity to 
metals.  

2.2  Objective:  The goal of this study is to test this hypothesis in patient cohorts of soldiers 
recuperating from battle field injury with retained metal fragments and compare the immune metal-

reactivity of these individuals to injured and non- injured soldiers without metal fragment exposure, to 
determine if changes in immune system reactivity to metals have occurred.   

This reactivity is important to orthopedic implant survival in the following manner. All metals in 

contact with biological systems corrode40,41 and the released ions activate the immune system42-44. “Metal 
allergy” or metal reactivity to particulate and soluble (non-particulate) metal debris is clinically 

characterized by symptoms of an overly aggressive immune response and is increasingly being implicated 
as a failure mechanism in patients with metal-on-metal total hip replacements and surface replacement 
arthroplasty of the hip 45-47. Orthopedic implant metals known to be sensitizers (haptenic moieties in 

antigens) include nickel,27-30 cobalt27 and chromium,27 while occasional responses have been reported to 
tantalum,31 titanium32,33 and vanadium31.   

Patients with total joint replacements are all exposed to billions of metal, polymer, and/or ceramic 
particles generated by implant degradation (wear and corrosion) in vivo, which accumulate adjacent to the 
implant and bone, and induce inflammatory cell/tissue reactions.   Bone loss around implants does not 

occur to the same extent in patients with similar rates of implant wear. It is commonly noted that some 
individuals with severely worn components can demonstrate little periprosthetic bone loss, while others 

with modest amounts of wear can demonstrate extensive osteolysis and implant loosening.  Traumatic 
injury and exposure to metal fragment is likely to affect this inherent “state” of metal-debris-reactivity. 

Recent reports indicate the presence of lymphocytic involvement in aseptic osteolytic lesions 

around failing metal-on-metal articulating implants, where there are abnormally high levels of metal 48,49. 
Cell mediated delayed type hypersensitivity is characterized by antigen activation of sensitized T-helper 

lymphocytes releasing various cytokines which result in the recruitment and activation of macrophages. 
These subset populations of T helper (Th) lymphocytes involved in metal implant responses are purported 
to be of the CD4+ Th1 subtype. This Th1 subpopulation of T cells is characterized by their cytokine 

release profile, e.g. interferon-gamma (IFN-g tumor necrosis factor-alpha (TNF-a), interleukin-1 (IL-1) 
and interleukin-2 (IL-2). These inflammatory cytokines associated with Th1 lymphocyte reactivity is 

important to the pathogenesis of aseptic osteolysis.50,51 The extent to which soldiers exposed to metal 
fragments have an altered immune response to metals and thus a heightened immune response to imp lant 
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 debris leading to early implant failure, has not been assessed in any way, and remains an unanswered 
question.  

2.3 RELEVANCE:  

The Global War on Terrorism (GWOT) represents the longest ongoing engagement in United States 

history.  U.S. Military operations in Iraq and Afghanistan have resulted in over 57,000 casualties to date1.  
Unconventional warfare, such as improvised explosive devices, roadside bombs, and rocket-propelled 
grenades have led to more severe injury patterns.  The concurrent develop ment of more advanced protective 

equipment and the institution of a rapid medical evacuation system have allowed many servicemembers to 
survive these serious, previously lethal injuries.   

Musculoskeletal injures are the most common battlefield wounds sustained in modern combat, 
accounting for 54% of all combat wounds and requiring upwards of 60% of healthcare resources2.  Cross 
and colleagues, in a review of U.S Army Physical Evaluation Board records of combat- injured soldiers, 

report that 69% of long-term disabling conditions are orthopaedic in nature3.  Degenerative arthritis was the 
most common unfitting condition.  Given this data, it is highly likely that many GWOT combat injured will 

one day require treatment of post-traumatic arthritis, to include possible hip or knee arthroplasty.    
Metal reactivity, or metal “allergy”, is increasingly being implicated as a failure mechanism in certain 

types of hip arthroplasty prostheses 45,52,53.  In hip implant patients, elevated metal ion levels have been 

positively correlated with lymphocyte reactivity and implant failure 49,54.  This study will evaluate the extent 
to which U.S. soldiers exposed to metal fragments have an altered immune response to metals, and 

consequently a higher risk of future arthoplasty implant failure.  
Studies characterizing the nature of combat and extremity wounds in the Global War on Terror have 

established that gunshot wounds and explosions cause >95% of battle injuries 34,55.   The penetrating 

injures resulting from improvised explosive, mortar, and grenade blasts are inflicted by high-velocity 
metal fragments energized by the explosion.  These fragments are made up of various metal alloys, 

including lead.  They most often affect the musculoskeletal system, where fragments can cause local 
anatomic damage and possible resultant infection9.   Many of these metal fragments remain in the 
affected servicemember’s soft or osseous tissues until they cause local irritation or systemic toxicity.  

Lead-containing metallic fragments can cause plumbism 36,37,56.  There is an ongoing debate in the 
orthopaedic literature as to when and why these residual metallic foreign bodies  

3. PRELIMINARY RESULTS: Studies have shown that people with orthopedic implants have a higher
incidence of metal reactivity (20%) than the general population (10%), (Fig. 1).  Furthermore people with 

failing implants have even higher incidence of 
metal reactivity (approx 60%) comparable to 

people with metal-on-metal implants with 
which have an incidence of metal reactivity of 
approx 50%. We have reported that people 

with the highest serum metal ion 
concentrations (Co and Cr) had metal-on-metal 

bearing surfaces.  In the past these elevated 
metal ion concentrations demonstrated a 
positive correlation with lymphocyte reactivity, 

indicating a link between metal exposure and 
orthopedic implant performance 45-47. 

4. RESEARCH PLAN:  If metal fragment
exposure during trauma is enough of a stimulus 

to significantly change immune system 
reactivity, then soldiers exposed to this in battle 

will demonstrate altered metal-reactivity 
profiles when compared to injured soldiers 
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without exposure to metals fragments and age/gender matched soldiers and non-combatants of similar 
background that have not been exposed to injury or metal debris.  

4.1 Subject Groups: We will compare metal immune (T-cell) reactivity profiles of 4 different 
groups of soldiers, using metal-Lymphocyte Transformation Testing (metal-LTT) assays, flow cytometry 

and cytokine analysis (Table 1, Groups: 1) soldiers with metal- fragment injury (3-6 months post- injury, 2) 
soldiers with non-metal fragment injury, and 3) non-soldier matched controls (n=25 in each group). 
Subject involvement is limited to a 60mL blood draw, which will be sent to the PI’s institution for 

analysis.  All subjects will be recruited by self referral via flyers put up at medical centers that treat 
wounded soldiers.  The consent process is described in the following paragraph.   All blood draws will be 

the responsibility of the subject once they receive the kit, and as stated in the consent form will have to 
have their blood drawn at their local VA, Rush University Medical Center, your primary care physician or 
a local qualified phlebotomist.  .   

 

Table 1. Number of subjects in Groups 3a-3d for lymphocyte and monocyte responses 

at a single time point (6month-5 years post-operative).  

Subgroups   Subjects in Group Subject Recruited from 
Group 1     Soldiers w/ metal-fragment injury   25 Brooke Army Medical Center  

Group 2      Soldiers w/ non-metal injury   25 Brooke Army Medical Center  

Group 3     Controls (healthy non-soldiers)      25 Rush University Medical Center  

  

  

4.2 Inclusion and Exclusion Criteria.  

Inclusion Criteria: 

Group 1: Soldiers at least 3-6 months status-post metal fragmentary injury (recruited at Brooke Army 

Medical Center) 
Group 2: Soldiers status post blunt mechanism injury (recruited at Brooke Army Medical Center) 

Group 3: Healthy non-soldiers (recruited at Rush University Medical Center) 
Exclusion Criteria: 

Inability to complete health questionnaire or undergo blood draw (all groups)  

Group 2:  Blast injury more recent than 3 months time. 
4.3 Subject Screening Procedures.  Subjects will be screened regarding inclusion and exclusion 

criteria.  No physical examination will be conducted either before or after recruitment.  Informed consent 
will be obtained prior to completion of the study questionnaire.  

4.4 Description of the Recruitment Process.  Subjects will be recruited by flyers and 

advertisements posted at Brooke Army Medical Center or at Rush University Medical Center.  Patients 
eligible for the study will be offered participation during Orthopaedic and Rehabilitation department 

clinic visits.  No physical examination will occur as part of this study.  Patients will be deemed eligible 
for the study based on their screening for inclusion or exclusion by the clinical nurse research coordinator.  

4.5  Consent Process. The study will be explained by a clinical nurse research coordinator 

included in the study personnel or alternatively by one of the investigators.  Consent will be obtained by 
the investigator or research coordinator, who is trained in consenting procedure.  Consent will occur prior 

to completion of the study questionnaire and blood sample.  At the subject’s request, time for decision 
making may be allowed.  The subject may elect to undergo blood draw immediately following consent or 
at a later date.   

4.6. Study Procedures/Research Interventions :  Patients will self-recruit by responding to study 
advertisements, or will be offered participation in the study during Department of Orthopaedics and 

Rehabilitation clinical visits, should they fit inclusion criteria.  The patient will be initially screened for 
inclusion/exclusion by the clinical research nurse.  

Following study inclusion, the subject will meet with the clinical nurse research coordinator.  The 

study will be reviewed in detail and informed consent will be obtained.   After informed consent, the 
patient will be assigned a subject ID and the process of obtaining study data and the study blood specimen 

will proceed.  The patient may elect either to complete all study participation that day, or may choose to 
return at a later time following the informed consent.    
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 All subjects will complete the study questionnaire, directing any questions to the research nurse.  
A single 60mL blood sample will then be obtained by venipuncture by a clinician experienced in 

phlebotomy.  The blood sample will be sent immediately to Rush University Medical Center for metal 
reactivity analysis.  Should the sample be unacceptable for analysis, the clinical nurse research 

coordinator will contact the patient, who will be presented with the option of giving a repeat blood sample 
or voluntary withdrawal from the study.  

At the time of blood draw, the subject may elect to receive their metal reactivity and lead level 

results when available.  Should the subject choose this option, the results of testing will be provided to the 
patient in person or by conventional mail in approximately 4 weeks time.   

4.7  Compensation for participation.  Subjects will be compensated upon enrollment in the 
study.  Subjects will be compensated upon enrollment and completion of the informed consent, health 
questionnaire, and blood sample.  Subjects will be compensated with a $50.00 VISA check card.  

4.8 Laboratory evaluations and special precautions. Blood samples will be collected in sodium 
heparinized tubes (standard green topped vacutainers).  These are the standard used by CLIA approved 

human diagnostic laboratories around the United States for overnight shipment of blood for use in highly 
complex immunology testing such as Lymphocyte Proliferation Testing and Flow Cytometry analysis of 
activation markers and PBMC populations.  The chances are less than 1% of the necessity of a redraw 

when blood is received by the lab within 24 hours.  All blood specimens will be sent to Rush via priority 
overnight shipping in appropriate mailing containers supplied by Rush.  Mailed specimens will be labeled 

by subject ID and will not contain any patient identifying information.  Upon arrival at Rush, metal-
Lymphocyte Transformation Testing, flow cytometry, cytokine testing, and lead level testing will be 
performed.   Should the blood sample need to be repeated, the patient will be contacted by the clinical 

nurse research coordinator and may either elect to undergo repeat venipuncture or voluntarily withdraw 
from the study. 

4.9 Specimen storage. All the blood received from each sample will be immediately 
used/processed/analyzed and none of the original samples will be stored for future use.     

4.10  Data Collection.   Subjects will be assigned a subject identification number, to consist of 

their group number and a second number indicating their individual number within the group.  For 
example: Subject # 20 in group 1 will be assigned subject ID 1-20.  A study questionnaire regarding the 

nature of the patient’s injury and relevant past medical history will be obtained.  Please see the study 
questionnaire submitted with this protocol.   No personal information (e.g. legal status or participation in 
illegal activities) will be collected from the subjects.  All collected information will be limited to that 

related to injury status and history of immune status, that are part of the study questionnaire.   
Laboratory data to be collected includes a Metal-LTT analysis panel, blood flow cytometry, 

cytokine analysis, and serum lead level.   
4.11  Human Biological Specimens/Tissue/Data Banking.  All specimens will undergo one time 

analysis.  No sample will be stored for future use.   

4.12  Statistical Consideration 

Sample Size Estimation.  We anticipate that a sample size of 25 in each group will have an >80% 

power to detect a probability of 0.73 that an observation in one group is less than an observation in the 
other group using a two-sided Mann-Whitney test with a 0.05 significance level. The power calculations 
were obtained using Query Advisor (version 2).    

Estimate Required Sample Size 75 

Estimate Participant Drop Out 0 

Estimate Participant Withdrawal  5 

Total Enrollment Requirement  80 

Enrollment at Each Site 

BAMC 50 

Rush University Medical Center 25 
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4.13 Primary (i.e., primary outcome variables) and secondary endpoints. 

Primary objective:  To compare subjects with a history of metal fragment injury versus control 
subjects by determining the incidence and magnitude of metal reactivity with metal- lymphocyte 

transformation testing. 
Secondary Objective:  To compare subjects with a history of metal fragment injury versus 

control subjects by evaluating serum lead level 

4.14 Data analysis. 

Metal Reactivity:  Metal- lymphocyte transformation testing will be performed to quantify metal 

reactivity on a scale of lymphocyte stimulation index.  The incidence of metal reactivity, defined by a 
simulation index>2, of groups 1-3 will be compared.  The average lymphocyte reactivity to each metal of 
subjects in each group will be compared.  Sub-group analysis will include determination of reactivity as a 

function of the amount of time elapsed since metal fragment injury in group 1.  Reactivity between groups 
will be analyzed using a Student’s t-test for independent variables or a Mann-Whitney test.  Should data 

not be normally distributed, a Kruskall-Wallis non-parametric analysis of variance will be employed.  
Factors such as chronic medications, co-morbidities, presence of orthopaedic implants, age, and other 
environmental conditions (such as occupational exposure to metal debris) may confound the interpretation 

of systemic lymphocyte reactivity and will be controlled as much as possible.   
Serum Lead Level:  Serum lead concentration will be obtained.  Average serum lead level of 

subjects in each group will be compared using the previously mentioned statistical methods.  Sub-group 
analyses within group 2 will compare serum lead level of subjects as a function of the amount of time 
elapsed since metal fragment injury and the type of metal fragment injury (IED, gunshot, grenade).  

4.15 Confidentiality.  

Hard and electronic copies of questionnaire information will be retained for the duration of the 
study.  Hard copy data will be stored in a locked file cabinet within a locked room in the department of 

orthopaedics and rehabilitation.  Electronic data will be stored on a CAC-protected computer located 
within a locked room in the department of orthopaedics and rehabilitation.  

Blood testing results will be stored electronically in a password protected computer.  The results 
of metal reactivity testing will not be sent to subject unless requested by the subject.  The results of lead 
level testing will not be sent to subject unless requested by the subject.  Should the patient demonstrate 

lead levels above hazardous limit, they will be notified of their result as soon as possible telephonically or 
in person. 

4.16 Certificate of Confidentiality.  N/A  
4.17  RISKS/BENEFITS ASSESSMENT 

4.17.1  Risks. Physical risks to the subject are the complications of venipuncture, to include minor 

bruising/hematoma (12.3%), diaphoresis with hypotension (2.6%), syncope (<1%), and cellulitis or 
phlebitis (<1%).   Standard aseptic procedure will be employed during sample collection and blood draws 

will be conducted by a clinician experienced in phlebotomy.  
4.17.2 Potential Benefits.  Potential benefits to the subject include knowledge of their metal 

reactivity profile and lead level.  

4.18  ADVERSE EVENTS, UNANTICIPATED PROBLEMS, AND DEVIATIONS 

Possible adverse events 

Possible adverse events following phlebotomy include: 
• Minor bruising/hematoma (12.3%)

• Diaphoresis with hypotension (2.6%)
• Syncope (<1%)

• Cellulitis or Phlebitis (<1%)

The following information will be collected for all AEs: 

• Date/time of onset
• Description of the AE
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• Severity 
• Relationship to phlebotomy 

• Action taken 
• Outcome 

• Date of resolution 
If treatment was required for the AE, this will be recorded including the type of treatment, 

duration and any other relevant details. Adverse event information will be captured on source documents.  

The investigator will sign off on each individual adverse event.  
4.19  Reporting Unanticipated Problems  Involving Risks to Subjects or Others, Serious Adverse 

Events and Deaths to the Office of the IRB, RUMC and BAMC.   
Unanticipated Problems : An unanticipated problem is an unforeseen event that occurs during the 

course of a research trial that potentially increases the risk to participants or others; adversely affects the 

rights, safety, or welfare of participants; or affects the integrity of the study.  All unanticipated problems 
involving risks to human subjects or others will be reported promptly to the IRB.  

Monitoring for Serious Adverse Events A serious adverse event (SAE) is defined as any 
untoward medical occurrence that:  results in death, is life – threatening, requires inpatient hospitalization 
or prolongation of existing hospitalization, results in a persistent or significant disability/incapacity, or is 

an important medical event.  
Timing: Any SAE occurring in a subject after providing informed consent until 30 days after 

completing the study will be recorded and reported.  
Reporting: All unanticipated problems involving risk to subjects or others, serious adverse 

events, and all subject deaths will be reported within three (3) business days by phone (210-916-0607), by 

e-mail (BAMC_IRB_AE@amedd.army.mil), by facsimile (210-916-1650) or via letter addressed to 
Human Protections Administrator, Office of the Institutional Review Board, Department of Clinical 

Investigation, Brooke Army Medical Center, 3698 Chambers Pass, Fort Sam Houston, TX 78234-6315.  
A complete written report will follow the initial notification.  

4.20 WITHDRAWAL FROM STUDY PARTICIPATION.   

Subjects may withdraw from participation in the study at any time during the study for any reason.  
Should the subject decide to withdraw from the study, the patient’s name will be removed from study 

records.  His or her study questionnaire will be destroyed.  The subject’s blood sample will be discarded if 
it is pending analysis.  There are no negative consequences of withdrawal from this study.  The subject’s 
participation may be terminated if the investigator or clinical nurse research coordinator perceives any 

risk to the subject’s safety.  
4.21 Privacy/Sensitive Information: No sensitive information will be collected other than health 

related information that may impact the interpretation of immune responses to metals.  No personal 
information (e.g. legal status or participation in illegal activities) will be collected from the subjects or 
their primary care doctors.  All collected information will be limited to that related to injury status and 

history of immune status, that are part of the study questionnaire (see Appendix B).  The results research 
testing will not be sent to the subjects’ doctors unless requested by the subject.  In addition the results of 

all tests and provided medical history will be coded and locked in the PIs office and computer a nd the key 
to the code will kept in a separate locked file.  Every effort will be made to keep participation and all 
results strictly confidential. Results of the testing will be shared only with the subject and by law with the 

Government if they request so.  Results will be sent to the subject’s physicians if the subject participant 
requests it. 

4.22 Key Personnel: At Rush University Medical Center:  There will be four key personnel all 
from Rush University Medical Center: Dr Nadim Hallab, Dr Joshua Jacobs, and Kyron McAlllister.  Only 
Dr Hallab, Dr Jacobs and Mr McAllister will have access to subjects information.  Nadim Hallab., Ph.D. - 

Principal Investigator will be responsible for the overall coordination and execution of the project. He will 
provide intellectual and technical expertise, collect and process data and prepare reports and manuscripts 

for publication. Dr Joseph L. Petfield, MD CPT, USA MC, Department of Orthopaedics and 
Rehabilitation San Antonio Military Medical Center, a co-Investigator will be responsible/direct all 
aspects of the study to be conducted at Brooke Army Medical Center and will have access to all subject 
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 information.  Additionally Dr. Joseph Hsu MD, a prior US Army orthopaedic traumatologist,) is a co-
Investigator that will help direct and interpret data obtained from testing.  

4.23 Anticipated Results We anticipate that soldiers with injuries involving metal fragments will 
show elevated reactivity to metals (e.g. Aluminum, Chromium, Cobalt Iron, Molybdenum, Nickel, 

Vanadium and Zirconium) and thus will be at risk of poor orthopedic implant outcome.  Knowledge of 
this condition is vital to judicious implant selection and post-operative management for soldiers that 
require indwelling orthopedic implants.  

4.24 Potential limitations, difficulties and alternative approaches. Our laboratory has a long 
history of LTT with metal antigens that are proxies of implant debris, thus we do not expect 

methodological problems associated with recruiting and testing for “metal-allergy” (DTH- like) response 
in cohorts. Positive T-cell metal reactivity (defined here and in past studies 57-60 as an SI>2 to a metal 
challenge agent) may imply but does not prove a state of in vivo excessive reactivity to metal implant 

debris or so called metal sensitivity. 1) We anticipate that a sample size of 25 in each group will have an 
>80% power to detect a probability of 0.73 that an observation in one group is less than an observation in 

the other group using a two-sided Mann-Whitney test with a 0.05 significance level. The power 
calculations were obtained using Query Advisor (version 2).  Factors such as chronic medications, co-
morbidities, the presence of multiple implants, age, and other environmental conditions (such as 

occupational exposure to metal debris) may confound the interpretation of systemic lymphocyte reactivity 
and will be controlled as much as possible.  

5. References

(1)  Seery JM, Valosen JM, Phillips JH, Jr., Slade DL, Seery AB, Parham MA, et al. Effects of metal fragments on nerve healing 

in extremity injuries using a rat peroneal nerve model. J Am Coll Surg 2009 Aug;209(2):278 -83. 

(2)  Janeway CA, Jr., Medzhitov R. Innate immune recognition. Annu Rev Immunol 2002;20:197 -216. 

(3)  Goodman SB. Wear part icles, periprosthetic osteolysis and the immune system. Biomaterials 2007 Dec;28(34):5044 -8. 

(4)  Jacobs JJ, Hallab NJ. Loosening and osteolysis  associated with metal-on-metal bearings: A local effect of metal 

hypersensitivity? J Bone Joint Surg Am 2006 Jun;88(6):1171-2. 

(5)  Ren W, Wu B, Peng X, Hua J, Hao HN, Wooley PH. Implant wear induces inflammation, but not osteoclastic bone resorption, 

in RANK(-/ -) mice. J Orthop Res 2006 Aug;24(8):1575-86. 

(6)  Shanbhag AS, Kaufman AM, Hayata K, Rubash HE. Assessing osteolysis with use of high -throughput protein chips. J Bone 

Joint Surg Am 2007 May;89(5):1081-9. 

(7)  Fritz EA, Glant TT, Vermes C, Jacobs  JJ, Roebuck KA. Chemokine gene activation in human bone marrow-derived 

osteoblasts following exposure to particulate wear debris. J Biomed Mater Res A 2006 Apr;77(1):192 -201. 

(8)  Roebuck KA, Vermes C, Carpenter LR, Fritz EA, Narayanan R, Glant TT. Down-regulation of procollagen alpha1[I]] 

messenger RNA by titanium particles correlates with nuclear factor kappaB (NF-kappaB) activation and increased rel A and 

NF-kappaB1 b inding to the collagen promoter. J Bone Miner Res 2001 Mar;16(3):501-10. 

(9)  Hallab NJ, Anderson S, Stafford T, Glant T, Jacobs JJ. Lymphocyte responses in patients with total hip arthroplasty. J Orthop 

Res 2005 Mar;23(2):384-91. 

(10)  Skipor AK, Campbell PA, Patterson LM, Anstutz HC, Schmalzried TP, Jacobs JJ. Serum and urine metal leve ls in patients 

with metal-on-metal surface arthroplasty. J Mater Sci Mater Med 2002 Dec;13(12):1227-34. 

(11)  Xing Z, Schwab LP, Alley CF, Hasty KA, Smith RA. Titanium particles that have undergone phagocytosis by macrophages 

lose the ability to activate other macrophages. J Biomed Mater Res B Appl Biomater 2008 Apr;85(1):37-41. 

(12)  Basketter DA, Briatico-Vangosa G, Kaestner W, Lally C, Bontinck WJ. Nickel, cobalt and chromium in consumer products: a 

role in allerg ic contact dermat itis? Contact Dermatit is 1993;28:15-25. 



Page 11 of 17 

 

 

 (13)  Cramers M, Lucht U. Metal sensitivity in patients treated for tibial fractures with plates of stainless steel. Acta Orthopedica 

Scandinavia 1977;48:245-9. 

 (14)  Fisher AA. Allergic dermatit is presumably due to metallic  foreign bodies containing nickel or cobalt. Current Contact News 

1977;19:285-95. 

 (15)  Benson MK, Goodwin PG, Brostoff J. Metal sensitivity in patients with joint rep lacement arthroplasties. British Medical 

Journal 1975;4:374-5. 

 (16)  Brown GC, Lockshin MD, Salvati EA, Bullough PG. Sensitivity to metal as a possible cause of sterile loosening after cobalt -

chromium total h ip-replacement arthroplasty. J Bone Joint Surg Am 1977;59-A(2):164-8. 

 (17)  Deutman R, Mulder TH, Brian R, Nater JP. Metal sensitivity before and after total hip arthroplasty. J Bone Joint Surg [Am] 

1977;59-A:862-5. 

 (18)  Kubba R, Taylor JS, Marks KE. Cutaneous complications of orthopedic implants. A two -year prospective study. Archives of 

Dermatology 1981;117:554-60. 

 (19)  Mayor MB, Merritt K, Brown SA. Metal allergy and the surgical patient. The American Journal of Surgery 1980;139:477 -9. 

 (20)  Merritt K, Brown S. Tissue reaction and metal sensitivity. Acta Orthop Scand 1980;51:403-4111. 

 (21)  Merritt K, Brown S. Metal sensitivity reactions to orthopedic implants. International Journal of Dermatology 1981;20:89-94. 

 (22)  Merritt K. The binding of metal salts and corrosion products to cells and proteins in vitro. J Biomed Mater Res 1984;18:1005 -

15. 

 (23)  Pinkston JA, Finch SC. A method for the differentiation of T and B lymphocytes and monocytes migrating under agarose. 

Stain Technology 1979;54(5):233-9. 

 (24)  Rooker GD, Wilkinson JD. Metal sensitivity in patients undergoing hip replacement. A prospective study. The Journal of 

Bone and Joint Surgery 1980;62-B(4):502-5. 

 (25)  Carlsson AS, Macnusson B, Moller H. Metal sensitivity in patients with metal -to-plastic total hip arthroplasties. Acta Orthop 

Scand 1980;51:57-62. 

 (26)  Fischer T, Rystedt I, Safwenberg J, Egle I. HLA -A, -B, -C and -DR antigens in individuals with sensitivity to cobalt. Acta 

Derm Venereo l (Stockh) 1984;64:121-4. 

 (27)  Liden C, Maibach HI, Howard I, Wahlberg JE. Skin. In: Goyer RA, Klaasen CD, Waalkes M, editors.New York: Academic 

Press; 1995. p. 447-64. 

 (28)  Kanerva L, Sip ilainen-Malm T, Estlander T, Zitting A, Jolanki R, Tarvainen K. Nickel release from metals, and a case of 

allergic contact dermatitis from stainless steel. Contact Dermatit is 1994;31:299-303. 

 (29)  Haudrechy P, Foussereau J, Mantout B, Baroux B. Nickel release from nickel-plated metals and stainless steels. Contact 

Dermat itis 1994;31:249-55. 

 (30)  Gawkrodger DJ. Nickel sensitivity and the implantation of orthopaedic prostheses. Contact Dermatit is 1993;28:257 -9. 

 (31)  Angle C. Organ-specific Therapeutic Intervention. In: Goyer RA, Klaassen CD, Waalkes MP, editors. Metal Toxico logy.New 

York: Academic Press; 1995. p. 71-110. 

 (32)  Lalor PA, Revell PA, Gray AB, Wright S, Railton GT, Freeman MA. Sensitivity to titanium. A cause of implant failure. The 

Journal of Bone and Joint Surgery 1991;73-B(1):25-8. 

 (33)  Parker AW, Drez-Jr D, Jacobs JJ. Titanium dermat itis after failure o f a metal-backed patellas. The American Journal of Knee 

Surgery 1993;6(3):129-31. 

 (34)  Peyser A, Khoury A, Liebergall M. Shrapnel management. J Am Acad Orthop Surg 2006;14(10 Spec No.):S66-S70. 

 (35)  Volgas DA, Stannard JP, Alonso JE. Current orthopaedic treatment of ballistic injuries. In jury 2005 Mar;36(3):380 -6. 



Page 12 of 17 

 (36)  Stromberg BV. Symptomatic lead toxicity secondary to retained shotgun pellets: case report. J Trauma 1990 Mar;30(3):356-7. 

(37)  Dougherty PJ, van HM, Mayer TG, Garcia AJ, Najib i S. Lead toxicity associated with a gunshot -induced femoral fracture. A 

case report. J Bone Joint Surg Am 2009 Aug;91(8):2002-8. 

(38)  Eward W C, Darcey D, Dodd LG, Zura RD. Case report: lead toxicity associated with an extra -articu lar retained missile 14 

years after injury. J Surg Orthop Adv 2011;20(4):241-6. 

(39)  McQuirter JL, Rothenberg SJ, Dinkins GA, Kondrashov V, Manalo M, Todd AC. Change in blood lead concentration up to 1 

year after a gunshot wound with a retained bullet. Am J Epidemio l 2004 Apr 1;159(7):683-92. 

(40)  Black J. Systemic effects of biomaterials. Biomater 1984;5:12-7. 

(41)  Jacobs JJ, Gilbert JL, Urban RM. Corrosion of metallic  implants. In: Stauffer RN, editor. Advances in Orthopaedic Surgery 

Vol 2.St. Louis: Mosby; 1994. p. 279-319. 

(42)  Yang J, Merritt K. Detection of antibodies against corrosion products in patients after Co -Cr total jo int replacements. J 

Biomed Mater Res 1994;28:1249-58. 

(43)  Yang J, Merritt K. Production of monoclonal antibodies to study corrosion of Co -Cr b iomaterials. J Biomed Mater Res 

1996;31:71-80. 

(44)  Merritt K, Rodrigo JJ. Immune response to synthetic materials. Sensitizat ion of pat ients receiving orthopaedic implants. Clin 

Orthop Rel Res 1996;326:71-9. 

(45)  Korovessis P, Petsinis G, Repanti M, Repantis T. Metallosis after contemporary metal-on-metal total hip arthroplasty. Five to 

nine-year fo llow-up. J Bone Jo int Surg Am 2006 Jun;88(6):1183-91. 

(46)  Willert HG, Buchhorn GH, Fayyazi A, Flury R, Windler M, Koster G, et al. Metal-on-metal bearings and hypersensitivity in 

patients with art ificial h ip jo ints. A clin ical and histomorphological study. J Bone Joint Surg Am 2005 Jan;87(1):28-36. 

(47)  Jacobs JJ, Hallab NJ. Loosening and osteolysis associated with metal-on-metal bearings: A local effect of metal 

hypersensitivity? J Bone Joint Surg Am 2006 Jun;88(6):1171-2. 

(48)  Arora A, Song Y, Chun L, Huie P, Trindade M, Smith RL, et a l. The role of the TH1 and TH2 immune responses in loosening 

and osteolysis of cemented total hip rep lacements. J Biomed Mater Res 2003 Mar 15;64A(4):693 -7. 

(49)  Hercus B, Revell PA. Phenotypic characteristics of T lymphocytes in the interfacial tissue o f aseptically loosened prosthetic 

joints. J Mater Sci Mater Med 2001 Dec;12(10/12):1063-7. 

(50)  Hallab NJ, Mikecz K, Vermes C, Skipor A, Jacobs JJ. Differential lymphocyte reactivity to serum-derived metal-protein 

complexes produced from cobalt-based and titanium-based implant alloy degradation. J Biomed Mater Res 2001 Sep 

5;56(3):427-36.  

(51)  Granchi D, Savarino L, Ciapetti G, Cenni E, Rotini R, Mieti M, et al. Immunological changes in patients with primary 

osteoarthritis of the hip after total joint rep lacement. J Bone Joint Surg Br 2003 Jul;85(5):758-64. 

(52)  Thomas P, Braathen LR, Dorig M, Aubock J, Nestle F, Werfel T, et al. Increased metal allergy in patients with failed metal-

on-metal hip arthroplasty and peri-implant T-lymphocytic inflammation. A llergy 2009 Aug;64(8):1157-65. 

(53)  Kwon YM, Ostlere SJ, Lardy-Smith P, Athanasou NA, Gill HS, Murray DW. "Asymptomatic" pseudotumors after metal-on-

metal hip resurfacing arthroplasty: prevalence and metal ion study. J Arthroplasty 2011 Jun;26(4):511 -8. 

(54)  Arora A, Song Y, Chun L, Huie P, Trindade M, Smith RL, et al. The role of the TH1 and TH2 immune responses in loosening 

and osteolysis of cemented total hip rep lacements. J Biomed Mater Res A 2003 Mar 15;64(4):693-7. 

(55)  Cross JD, Ficke JR, Hsu JR, Masini BD, Wenke JC. Battlefield orthopaedic injuries cause the majority of long -term 

disabilit ies. J Am Acad Orthop Surg 2011;19 Suppl 1:S1-S7. 

(56)  Edwards DL, Wataha JC, Hanks CT. Uptake and reversib ility of uptake of n ickel by human macrophages.  J Oral Rehabil 1998 

Jan;25(1):2-7. 



Page 13 of 17 

 

 

 (57)  Hallab NJ. Lymphocyte transformation testing for quantifying metal -implant-related hypersensitivity responses. Dermatit is 

2004 Jun;15(2):82-90. 

 (58)  Hallab NJ, Anderson S, Stafford T, Glant T, Jacobs JJ. Lymphocyte responses in patients with total hip arthroplasty. J Orthop 

Res 2005 Mar;23(2):384-91. 

 (59)  Hallab NJ, Caicedo M, Finnegan A, Jacobs JJ. Th1 type lymphocyte reactivity to metals in patients with total hip arthroplasty . 

J Orthop Surg 2008;3:6. 

 (60)  Caicedo MS, Desai R., McAllister K., Reddy A., Jacobs JJ, Hallab NJ. Soluble and particulate Co -Cr-Mo alloy implant metals 

activate the inflammasome danger signaling pathway in human macrophages: A novel mechanism for implant debris 

reactivity. J Orthop Res 2008;(epub ahead of print).  

 

 

BODY: Current Status: 

The Study is finishing up recruitment human soldier subjects (we have recruited 36 of projected 50 soldier subjects 
over the past year). While we anticipate the ability to recruit the final 14 soldier subjects over the next no cost extension 
period 2015-2016, we have sufficient data to show pertinent findings related to metal ion levels and metal sensitivity 
responses, if further recruitment does not transpire.  Procedural difficulties in recruitment have delayed this study resulting 
from 1) the inability to initially partner with an appropriate Army medical doctor co-investigator at medical facilities such as 
WRAMC.   

Original protocols, consent forms etc were approved by the Rush University Medical Center IRB.  Subsequently they 
needed amending to change the recruitment site to exclusively that of the PI, Rush University Medical Center.  These 
amended consents and protocols were then reviewed by the Human Research Protection Office at the U.S. Army Medi cal 
Research & Materiel Command and a list of changes were requested.  These requested changes were then made and the 
amended protocols and consents were again processed and preliminarily approved by the Human Research Protection 
Office at the U.S. Army Medical Research & Materiel Command, pending Rush IRB approval.  These provisionally approved 
amendments to the original approved protocols and consents and been re-approved by the PIs institutional review board 
(Rush University Medical Center) and these amended protocols have been sent to the Human Research Protection Office at 
the U.S. Army Medical Research & Materiel Command for final approval prior to the putting up of fliers and beginning the 
recruitment of subjects. 

 
Past Year Efforts: 
The following details our efforts over the past year: to attempts to conduct the study on time while trying to 

accommodate the changing ground conditions and requirements.   
1) Over the year of 2015 to 2016 we have recruited 35 soldier subjects and 7 controls, however, 

blood samples were only viable in 28 soldier subjects due to shipping delays (nonviable samples 
due delayed receipt due to inclimate weather, and erroneous shipping to other locations 
somehow etc) and blood draw complications. 

2) We are in the continuing process of recruiting and testing people for metal hypersensitivity 
responses. 

3) We are in the continuing process for testing subjects for metal ion levels in their blood.   
4) We are in the continuing process of storing of serum samples for cytokine analysis and 

immunoglobulin testing of systemic inflammatory markers. 
5) Successful recruiting has been due to our army collaborator: Dr Joseph L. Petfield, MD CPT, USA 

MC, Department of Orthopaedics and Rehabilitation San Antonio Military Medical Center, now 
less able to affect recruiting as he is stationed in Colorado. 

6) The protocol and consent forms have not been amended over the past year.   
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KEY RES EARCH ACCOMPLIS HMENTS: 

Key findings thus far include (pending final group numbers): 

1) Despite elevations in reactivity to Nickel and Cobalt by subjects with indwelling metal
fragments, these elevation were not significant at p=0.05.  The only iron demonstrated
significant increases in soldier subjects with indwelling metal fragments compared to
nonpenetrating injuries. Systemic metal ion levels remain not elevated above those
normally found (see figure below).

2) Indwelling metal fragments combined with battlefield trauma represents an extreme

biological analogue of orthopedic implants that are introduced through significant
operative injury and release metals once placed in vivo.  The results of the current

investigation support our hypothesis, trauma and metal exposure can lead to altered
adaptive immune system reactivity to metals, i.e. sensitivity to metals.

The following results have been submitted and accepted for presentation at the Orthopedic 

Research Society annual meeting in 2017. 

Battlefield Acquired Indwelling Metal Fragment induced Immunogenicity  
Joeseph Petfield

1, 2
, Lauryn Samelko

2
,
 
Kyron McAllister

2
, Joseph Hsu, Joshua.J. Jacobs

2
, and Nadim James. Hallab

2* 
1 

Department , University Hospital Essen, University of Duisburg-Essen, Hufelandstr. 55, 45122 Essen, Germany 
2
 Department of Orthopedics, Rush University Medical Center, Chicago, IL 60612 

INTRODUCTION: In common practice, the metallic fragments sustained by gunshot, 

IED, or grenade injury are left to remain inert in soft tissues (1;2).  Retained foreign 
bodies are indicated for subacute removal when they are located near or within a joint, in 

weight bearing areas, or in proximity to neurovascular structures. Fragments located in 
extra-articular or extra-thecal soft tissue are typically encased in fibrous tissue (1) where 
routine removal has not been recommended due to the possible morbidity accompanying 

surgery.  Reports do exist, however, of lead foreign bodies in soft tissue causing 
plumbism (3-5).  To date there has been no study of this phenomenon, and it remains 

unknown if traumatic injury accompanied by metal exposure results in altered 
immunogenicity to metals, such that reactivity to orthopedic implants (debris) would be 
affected.  We hypothesize that the retained metals like those found in mortar, artillery, 

and grenade fragments contribute to altered adaptive immune system reacitvity to metal, 
i.e. sensitivity to metals. We test this hypotheis in soldiers with indwelling metal 

fragments and those with non-metal realted injury, using measures of adaptive immune 
function and reactivity to metals: 1) reativity to metals using lymphocyte transformation 
testing (LTT) and 2) IgE, IgG, IgM, and Ig A levels in serum. 

METHODS: Metal immune (T-cell) reactivity profiles of 3 different groups of subject, 
using metal-Lymphocyte Transformation Testing (metal-LTT) assays, flow cytometry 

and cytokine analysis (Table 1, Groups: 1) sold iers with metal- fragment injury (Group 
B1 n=17), soldiers with non-metal fragment injury (Group B2 n=11), and 3) non-soldier 
matched controls (Controls n=7). Subjects involvement is limited to a 60mL blood draw 

Metal- lymphocyte transformation testing was performed to quantify metal reactivity usig 
lymphocyte stimulation index.  Reactivity between groups was determined to be non-

normally distributed and serum immunoglobulin levels were determined to normally 
distributed using D’Augostino and Pearson omnibus normality testing. Differences were 
determined a ANOVA followed by Student’s t-test for independent variables for 

normally distributed data or Kruskal Wallis followed by Mann-Whitney test for 
nonparametric data.   

RESULTS:  There was a significantly higher average SI for Group B1 with retained 
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metal fragments for Nickel challenge (p=0.01, Mann-Whitney) compared to both B2 and 
Controls, Fig 1a. Soldiers with retained metal fragments (Group B1) had the highest 

incidence of metal reactivity for SI>3, with incidence 47%, Group B2 = 28% and 
Controls = 14%.  Immunoglobulin levels were generally statistically decreased in soldiers 

with metal retained metal fragment injury (Group B1), compared to control.  In contrast, 
soldiers with non-metal fragment injury despite were not significantly lower than 
controls, despite being lower than also demonstrating lower values of Ig, these values 

were not statistically significant.  IgE levels were increased in soldiers with metal 
fragment injury compared soldiers with metal fragment injury and or compared to control  

DISCUSSION AND CONCLUSION:  Indwelling metal fragments combined with 
battlefield trauma represents an extreme biological analogue of orthopedic implants that 
are introduced through significant operative injury and release metals once placed in 

vivo.  The results of the current investigation support our hypothesis, trauma and metal 
exposure can lead to altered adaptive immune system reacitvity to metals, i.e. sensitivity 

to metals. It was unexpected that there would be a decrease in the IgG, IgA, and IgM 
levels associated with soldiers with indwelling metal fragments. Increases in serum IgE 
associated with soldiers with indwelling metal fragments may be a result of activated T-

cell and and B-cell activity in vivo.    
SIGNIFICANCE:  We show a significant difference between the adaptive immune 

responses (lymphocyte reactivity) of soldiers with indwelling metal fragments compared 
to soldiers without metal fragment trauma and control subjects, implying battlefield 
trauma combined with metal exposure causes systemic immune response changes in 

reactivity to metals (i.e. Nickel).  Differences in the serum levels of Ig’s  observed 
between the groups support this hypotheis. These differences in adaptive immunity are 

likely to affect orthopedic implant performance in these affected individuals.  
Additionally, this demonstrates the ability of trauma plus metal exposure to alter systemic 
immunoglobulin levels supporting similar reactivity profiles associated with orthopedic 

implant debris. Further research on the significance of battlefield-trauma combined with 
metal fragment exposure to the health and performance of orthopedic implants is 

supported.  
ACKNOWLEDGEMENTS: Research reported in this publication was supported by US 
Dept of Defense Grant # W91ZSQ0135N646 
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(a) (b) 

Figure 1.  For graphical clarity bars represent means (Error Bars=SEM) of (a) average group 
reactivity to different metals and (b) Serum Ig levels.  

(Note: * = compared to control group, p<0.05) 
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REPORTABLE OUTCOMES : 

CONCLUS ION:  The scientific conclusions thus far are that heightened immune responses to some metals 

exist in subjects with indwelling metal fragments and that both groups of wounded soldiers demonst rate and 

elevated immune response to metal challenge compared to past testing of control subjects.  However further 

analysis of completed groups will be necessary to finalize any conclusions.  

. 

REFERENCES: (See KEY RES EARCH ACCOMPLIS HMENTS) 

APPENDICES : None 

SUPPORTING DATA:   Pending final data.  




